We study the potential of the exclusive pp → pℓ − ℓ + p process to probe excited leptons at the LHC which is known to be one of the most clean channel at the hadron colliders. The sensitivity of the model parameters is obtained 95% confidence level by considering three forward detector acceptances; 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.1 < ξ < 0.5. * sceminan@cumhuriyet.edu.tr
I. INTRODUCTION
The Standard Model (SM) left some questions unanswered such as the number of fermion generation and fermion mass spectrum. Attractive solutions are provided by models assuming compositeness. A typical consequence of compositeness is the assumption of excited leptons and quarks. In this model, charged and neutral leptons should be regarded as the composite structures which made up of more fundamental constituents. The existence of such quark and leptons substructure should be regarded as the ground state of a rich spectrum of new particles with new quantum numbers. Therefore, the discovery of excited quarks and leptons would be different signal for compositeness. All composite models have an underlying substructure which is characterized by a scale Λ. For the precise measurement of electron and muon g-2 and theoretical calculations the Λ < 10 T eV is expected [1] [2] [3] .
The Lagrangian describing the transition between SM and excited leptons should conform to the chiral symmetry so that the light leptons can not acquire radiatively a large anomalous magnetic moment [4] . Interactions between excited leptons (ℓ * ) and SM fermions (ℓ) may be mediated by gauge bosons, described by the SU(2) × U(1) invariant effective Lagrangian as [5] [6] [7] [8] [9] ,
where the − → W µν and B µν are the field strength tensors of the SU(2) and U(1). − → τ and Y are the generators of the corresponding gauge group, g and g ′ are SU(2) L and U(1) Y coupling constant. The constants f and f ′ are coupling parameters associated with the three SM gauge groups and are determined by yet unknown composite dynamics. In the physical basis, the Lagrangian can be written as
First term in the equations (2) is a purely diagonal term with
and second term is a non-Abelien part which involves triple as well as quartic vertices with
Θ e * ,νe µν
From equation (2), the chiral V ℓ * ℓ (V = γ, Z, W ) vertex can be obtained as follows
Here q is the gauge boson momentum, f V is the electroweak coupling parameter and defined
Up to now searches have not found any signal for the excited leptons at the HERA ep [10, 11] , LEP e + e − [12] [13] [14] [15] and the Tevatron pp [16] colliders. However, in these experimental studies have been found different limits for mass of the excited lepton (m * ) with different f γ /Λ and exclusion region for f γ /Λ-m * parameter plane. Excited leptons have been also studied LHC [17] and next e − e + , eγ colliders [18] [19] [20] [21] .
In this paper, we examine the potential of exclusive pp → pℓ − ℓ + p reaction at the LHC to probe excited leptons. The existence of excited leptons would therefore results in deviations from SM cross-sections. The exclusive production pp → pXp has a very clean experimental signature due to absence of the proton remnants. So very clean final states can be well defined. Intact scattered protons which are scattered at very small angels after the colli- Photon-induced reactions are electromagnetic in nature which is one of the advantages of the this type interactions. Moreover, the lepton pair production by two photon fusion is currently being planned to be used as a luminosity monitor for the LHC [22] . The main contamination to these clean environment comes from the proton dissociation in to the X, Y system, pp → Xℓ − ℓ + Y where X and Y are baryon excitations. This background can be reduced by imposing a cut on the transverse momentum of the photon pair [22] . With this cut lepton pair production is one of the most clean channels at the LHC.
II. PHOTON-PHOTON PHYSICS AT THE LHC
The equivalent photon approximation (EPA) has been successfully applied to describe processes involving photon exchange with proton beams at the LHC [23, 24] . In EPA almost real photons with low virtuality (Q 2 = −q 2 ) are emitted by the incoming protons producing an object X through the process pp → pγγp → pXp. The photon spectrum of virtuality Q
2
and energy E γ then become,
can be introduced in EPA as,
where W is the invariant mass of the two photon system W = 2E √ ξ 1 ξ 2 with
max is taken to be 2 GeV 2 . Using the equation (11) the cross section for the complete process pp → pγγp → pXp can be obtained as follows,
Here dσ γγ→X (W ) cross section of the subprocess γγ → X. This exclusive production phenomenon recently was observed in the measurements of CDF collaborations [25] [26] [27] [28] [29] [30] [31] . LHC produce high energetic proton-proton collisions with high luminosity. So exclusive production potential at the LHC is important, and it has being studied some workers [32] [33] [34] [35] [36] [37] [38] [39] [40] .
ATLAS and CMS have central detectors with a psedorapidity |η| coverage 2.5 for the tracking system at the LHC and the X object through the process pp → pγγp → pXp , an acceptance 0.0015 < ξ < 0.15 [38] . Similarly CMS-TOTEM forward detectors acceptance spans 0.0015 < ξ < 0.5 and 0.1 < ξ < 0.5 [37, 41] . When the forward detector installed closer to the interaction point, higher values of ξ is obtained.
As mentioned before the lepton pair production can provide an excellent control sample and at the LHC, this events may also be used to luminosity monitoring [22] . As it was discussed in Ref. [22] the main possible contamination comes from the proton dissociation in to the X, Y system such as pp → Xℓ − ℓ + Y where X and Y baryon excitations (e.g N * ,
△ isobars). To eliminate this background, it was proposed to impose | q 1t + q 2t | < 30MeV cut, where | q 1t + q 2t | is vectorial sum of the transverse momentum of the photon pair.
In the actual experiment, this cut can be applied on the lepton or photon pair. In our theoretical calculations, we have applied this cut on the photon pair. This is why we have kept integration over Q 2 in the equation (11) . In figure (1) in the left side panel, we plot effective γγ luminosity as a function of invariant mass of the two photon system for various forward detector acceptances, in the right side panel is the same as left side but for with and without | q 1t + q 2t | < 30 MeV cut. In all the results presented in this work, we impose cut of | q 1t + q 2t | < 30 MeV on transverse momentum of the photon pair.
III. PHENOMENOLOGICAL RESULTS
The subprocess γγ → ℓ + ℓ − consists of t and u-channel SM diagrams. New physics contribution comes from t and u-channel excited lepton exchange. The whole polarization summed amplitude has been calculated in terms of Mandelsam invariantsŝ,t andû as,
where g e = √ 4πα and we omit the mass of the SM leptons. There are no terms of order (14) since the chiral conserving coupling ensures that the excited lepton diagrams do not interfere with the SM diagrams [42] . We will investigate the phenomenology of excited leptons with three forward detector acceptance in next subsections; 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.1 < ξ < 0.5.
A. CMS -TOTEM with 0.0015 < ξ < 0.5
First we show the transverse momentum of the final state leptons (p t ) distribution both SM and total differential cross section in figure (2) for m * = 500 GeV and f γ /Λ = 2 T eV −1 .
It turns out that excited leptons exchange is the dominant effect in high p t scattering. In T eV −1 and m * = 500 GeV cross sections are; 0.19 f b for p t,min = 300 GeV and 0.086 f b for p t,min = 500 GeV . We see from figure (3a) that the deviations from the SM gets to be higher as the p t cut increases since SM contributions highly peaked in the forward and backward directions due tot,û = 0 poles as we observe from equations (14) . Therefore both angular distribution or the p t cut can be used to improve sensitivity bounds. Hence, we impose different cuts on the transverse momentum of the final state leptons to decrease the SM events. We should note that Poisson distribution is appropriate sensitivity analysis, since the number of SM events with this cuts is small enough. In this statical analysis, the number of observed events are assumed to be equal to the SM prediction N obs = Lσ SM = N SM for an integrated luminosity L. We impose different p t cuts to achieve different N SM . In table (I) we show 95% C.L. lower bounds on the m * with different p t cut and N SM for integrated LHC luminosity values assuming that f γ /Λ = 1/m * . These bounds are more stringent than the present colliders LEP, Tevatron and HERA [10] [11] [12] [13] [14] [15] [16] . is shown 95% C.L. excluded region for f γ /Λ and m * plane. This excluded area is smaller than other acceptance region for m * < 1000 GeV but for m * > 1000 GeV wider than the 0.0015 < ξ < 0.15 case, almost same the 0.0015 < ξ < 0.5 case.
IV. CONCLUSIONS
Before, we state our main conclusion, it will be useful to remind some facts which are somewhat relevant to our conclusions. Exclusive two lepton production events was observed in measurements of CDF collaborations [25] [26] [27] [28] [29] [30] [31] . These events are consistent in both theoretical expectations with pp → pℓ + ℓ −p through two photon exchange (γγ → ℓ + ℓ − ). The advantage of two lepton final state provides a clean environment due to absence of the proton remnants. This implies that the LHC experiments can rely on process to calculate expectations new physics and luminosity measurements [22] . If it is used to measure luminosity then it is important to know its sensitivity to new physics for a given acceptance range. Therefore any signal which conflicts with the SM expectations would be a convincing evidence for new physics. For this reason, we have analyzed the potential of the exclusive production pp → pℓ + ℓ − p to extend the bounds on the model parameters of excited leptons.
We have investigated sensitivity of pp → pℓ + ℓ − p to excited leptons three forward detector acceptance; 0.0015 < ξ < 0.5, 0.0015 < ξ < 0.15 and 0.1 < ξ < 0. dσ/dp t (fb/GeV) .
